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The adsorption onto solid sufaces from solution is important due to both its classical applications, such 
as detergency, paints, adhesives and surface modifleation, and its potential applications in the nanomaterials 
science. Adsorption at the solid-liquid interface is studied generally based on olassical approaches such as 
adsorption excess isotherm, microcalorimetry and rheological measurements. However, these techniques are at the 
macroscopic level and not sufficient to understand the adsorption phenomena at the molecular level. Especially 
with the downsizing of the materials and devices in the nanomaterials science, elucidation of the properties of the 
sufaces at the molecular level has become necessary in order to design better nanomaterials. With the 
development of the nanoscopic characterization techJaiques such as ellipsometry, attenuated total reflection 
Fourier transform infrared spectroscopy (ATR-FTIR) and atomic force microscopy (AFM), adsorption could be 
better understood. Based on the data obtained at the nanoscopic level the adsorbed layer can be utilized for the 
formation of nanofilms and nanostuctured sucfaces. Stabilization and functionalization can be done in order to 
meet the requirements in the desired application of the adsorbed layer. 
This study aims the demonstration of novel approaches of adsorption phenomena for nanomaterials 
science. More speciflcally, the aims can be categorized as investigation of the adsorption phenomena at the 
molecular level, stabilization and functionalization. The thesis is organized as follows: 
In Chapter 1, the importance of adsorption both for its classical applications and in nanoteehnology is 
mentioned. The comparison of the nnderstahding of adsorption at macroscopic and nanoscopic level is 
demonstrated for liquid and surfactant adsorption. Additionally, stabilization of the adsorbed layer and 
ftinctionalization are mentioned. 
In Chapter 2, the use of AFM for imaging the surface topography, measurement of surface forces and 
frietion is explained. Additionally, this chapter includes the surface forces, such as electrostatic, van der Waals, 
steric forces, and adhesion. 
In Chapter 3, the characterization of the adsorbed layer at the molecular level using a novel approach is 
explained. This approach is a combination of colloidal probe AFM, ATR-FTIR and adsorption isotherm 
measurements. Previously, this techrrique was employed for studying the adsorption phenomena of some aliphatic 
compounds such as ethanol, methanol, I -propanol, 2-propanol, carboxylio acid, and ethylene glycol onto silica 
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geometry and the enhancement of the stability. Previously, the polymerization of sufactants in the bulk solution 
was extensively studied, however, there is little work on the polymerization of surfactants on the solid surface. 
The methacrylate surfactants, dimethyldodecyhuethacryloylethylammonium bromide (MECI2DAB) and 
its counterion-exchanged form, dimethyldodecylmethacryloylethylammonium methacrylate (MECl2DAMA), 
were used to form permanent nano-film on mica surface. The surfactant solutions were prepared at twice the CMC. 
The suface morphology of both adsorbed and irradiated surfactant layers was monitored and the resistance of the 
irradiated layer against rinsing with water was examined by AFM in contact mode. The morphology of the 
adsorbed slufactant layer didn't ehange upon exchange of counterion from bromide to methacrylate. For both 12 
nlM MECl2DAB and 16 mM MECl2DAMA adsorbed on mica a smooth morphology, which is the indication of 
bilayer formation, was observed. The photo-irradiation applied in the presence of I wio/o AIBN or V-50 couldn't 
polymerize the adsorbed layers of 12 nlM MECl2DAB and 16 nlM MECl2DAMA. The force curve measured in 
water showed hydrophobic attraction, indicating the instability of the adsorbed layer after irTadiation. The 
polymerization of 16 MECl2DAMA was checked also in the bulk solution by Hl NMR and the spectra measured 
before ivadiation and afier 4-h irradiation didn't show any change. Thermal treatment in the presence of I wiolo 
V-50 and photo-inradiation in the presence of I O wio/o 4'-hydroxyacetophenone, which is a photoinitiator, were 
also tried but polymerization couldn't be achieved. 
Stable polymer layers of 12 mM MECl2DAB and 16 mM MECl2DAMA could be produced on mica 
surface in the presence of high amount of V-50 ( I 0-20 wio/o). The suface morphology was rough and the force 
curves measured simultaneously during imaging by AFM confirmed the stability of the polymer layer by giving 
electrostatic repulsion, which indicated the maintenance of the irradiated micelles .*. -.- ,. =+ 
afi:er rinsing with water. At I O wio/o V-50 while the polymerized layer of  :,~;,*i~~*~:*~:+;･*,･..*i*~*~i<;:;"~i~;*; 
~~~ MECl2DAB had loeal aggregates aiter rinsing with water, the copolymerization of ;;~;=~';~~~, 
MEC12DAMA resulted in a wtiform morphology both in solution and water. The ,~~~i"'~'~r,l~,~~",~=~~~ ' ' ~s~ *,"*,~{+'* 
absence of aggregates in case of MEC12DAMA indicated that copolymerization ~~~j:~:=~::i;':~~;,~~~~~~ ';,~~i';.~(; . 
improved the stability of the polymer film. When the amount of V-50 was ~~~:~",~~.~,~ ~;~~, 
increased to 20 wiolo, the morphology for both surfactants was uniform without ::~:i:;~i~;:"~,_,~; ~.~~~,~(~' ~'="~~"/~"~~'.'~;:.^~ '~~~'~'~' ;~~ ~~~k ~'~:~;* ~*~~~~~~ ~ ~ * ~****~!* ~ '"' Y*;~..*~_~:'_"'*_ .~*.' ~ 
any aggregates after rinsing with water (Figure 2). This showed that the stability 
of MECI2DAB increased with increasing initiator amount. The difference between Figure 2. AFM irnage for 1 6 
mM MECl2DAMA irradiated 
the two surfactants at 20 wio/o V-50 was the longer range of electrostatic repulsion on mica with 20 wt9/0 V-50 for 
observed in case of MEC12DAMA. This might be an indication of the increased 4 h and rinsed with water. 
stability due to copolymerization. 
In Chapter 5, the in-situ polymerized surfactant layer was functionalized in order to use as lubricant. So 
far, especially Langmuir-Blodgett (LB) films and self-assembled monolayers (SAMs) have been used to form thin 
films at nanometer scale. There are also studies conducted on the lubrication properties of adsorbed surfactant 
layers from their aqueous solution. However, in order to use the adsorbed surflactant layers in a medium other than 
its solution, stabilization is necessary. 
In this study, a stable film of tetradecyltrimethylammonium styrene sulfonate (TTASS), was prepared at a 
concentration of 10 mM (20 x CMC) on mica surface by polymerization. The AFM images showed that the 
morphology of adsorbed TTASS was a mesh phase with a periodicity of about 8 nnl on mica, After 
polymerization and rinsing with water long meandering rods were observed with a spacing of about 6 um. The 
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 論文審査結果の要旨
 材料やデバイスの微小化に伴い、その高度な設計のために界面現象を分子レベルで理解すること
 が必要となってきている。また最近のナノメートルレベルでの計測技術が進歩によれば、実際、微
 小材料の分子レベルでの表面評価が実現され始めている1その中の1っである原子間力顕微鏡
 (AFM)を用いれば、ナノメートルレベルで表面の形態が評価できるばかりでなく、コロイド粒子の
 分散安定性を制御する表面力、そして摩擦力の測定を行うことができる。本研究は、AFMを中心と
 するナノメートルレベルの界面評価技術を組み合わせた新規方法論を用いて、ナノ材料科学におけ
 る中心的な役割を果たす吸着現象を分子レベルで蓮解し、ナノ材料設計指針を提案する'ことを・目標
 と.している。.
 第1章では、コロイドプローブ原子間力顕微鏡法、全反射赤外吸収分光法(ATR_FTIR)、吸着等温
 線測定を組み合わせた新規方法論を用い、シクロヘキサン中でのシリカ表面への芳香族分子である
 フェノールの吸着現象を研究した。シリカ表面に吸着したフェノール分子は水素結合により厚み10
 nm程度の分子マクロクラスター層を形成することが分かった。またフェノールマクロクラスター吸
 着層はバルクの密度の約1/2の密度をもつことが示唆された。これは脂肪族アルコールのマクロク
 ラスター吸着層がバルクと同程度の密度をもっという従来の結果とは異なり、分子の形状'による吸
 着層の構造変化を捉える重要な知見が得られたと考えられる。
 第2章では、AFMにより固一液界面における重合性界面活性剤分子の吸着構造評価、およびその重
 合による安定固定化を行った。試料にはカチオン性界面活性剤のメタクリレート誘導体であるジメ
 チルドデシルメダクリロイルエチルアンモニウムブロマイド(MεC12DAB)、およびその対イオンをメ
 タクリレートに置換した(MEC12DAMA)を用いた。この2種の界面活性剤め吸着層は平滑な2分子膜構
 造をとり、対イオンの置換による吸着形態に変化は観測されなかった。ともに重合開始剤(V-50)
 濃度10-20wt%において均一で安定な重合膜を得ることに成功した。
 第3章では、雲母表面に吸着した界面活性剤・(テトラデシルトリメチルアンモニウムスチレンサ
 ルフォネイト,TTASS)の重合により安定な膜を調製し、・そこにアニオン性高分子('ポリスチレン・サ
 ルフォネイト,PSS)を吸着させることで電荷を付与したナノ薄膜を調製した。調製した膜表面とシ
 リカ表面の間の摩擦特性を、コロイドプローブを使用した水平力顕微鏡(LFM)により測定したとこ
 ろ、PSSの吸着により摩擦が著しく低減されることが明らかとなうた。また純水でリンス後も低摩
 擦は維持されることも確認され、潤滑向上に対する有効な手法となりうることが示された。
 本研究ではナノ計測技術を駆使することで、趾液界面における吸着現象を分子レベルで評価し、
 吸着により形成される分子組織構造の固定化を行い、さらに高潤滑という機能性を付与することに
 成功した。これらの成果はナノ材料科学における界面修飾、薄膜調製ならびに機能賦与に新しい設
 計指針を加えるものである。
 よって,本論文は博士(工学)の学位論文として合格と認める。
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